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Total porosityAbstract The aim of this work was to study the effect of nano silica on the physico-mechanical
properties of concrete containing dolomite coarse aggregate and its effect on alkali silica reaction.
In this work, Portland cement is replaced by 1, 2 and 4 wt.% nano silica (NS). It is clear that nano
silica up to 2 wt.% leads to increase the compressive strength and decrease the total porosity up to
180 days of curing in tap water. This is due to that nano silica content acts as pozzolanic material
and nucleating sites for the hydration products, which enhances the cement hydration rate. A 4 wt.
% NS led to reduce the mechanical properties but is still higher than dolomite control because it
leads to coating of the cement grains, retarding its hydration rate and therefore, decreases the
hydration products formation. The resistivity of dolomite concrete control against 1 N NaOH up
to 6 months of immersion has been carried out. The results show that all concrete mixes have high
resistivity towards 1 N NaOH up to 6 months of immersion. The compressive strength development
rate of dolomite concrete control containing 2 wt.% of nano silica is higher than that of control.
This is due to the continuous activation and accumulation of hydration products. This indicates
that the NaOH has marginal compacts on the mechanical properties reduction, and this result con-
firmed that dolomite aggregate has higher resistivity to alkali silica reaction. XRD and SEM pho-
tograph are applied to investigate the formed hydration products.
 2016 Housing and Building National Research Center. Production and hosting by Elsevier B.V. This is
an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
The replacement of ordinary Portland cement (OPC) by silic-
eous materials has concentrated on more research to minimize
the pollution. These binders have less impress than that of
OPC on environmental and also have good impact on the
physico-mechanical properties of concrete [1,2].Journal
2 S.A. El-Ghany Abo El-Enein et al.Utilization of these materials as replacement for OPC in
concrete mixes reduces the energy in its production and
removes the green global gases, where the researchers use the
siliceous materials because of their pozzolanic activity as sup-
plementary cementitious materials (SCMs). These materials
improve the mechanical properties and reduce the total poros-
ity as well as alkali resistance, yielding high performance con-
crete (HPC).
Nano Silica (NS) is nanostructure and has high surface area
which can enter into pores through blocking of water and leads
to improve the mechanical properties. NS can react with Ca
(OH)2 to produce more C-S-H gel in concrete matrix, leading
to reduce the pores volume. Controlling pozzolanic reaction in
the concrete by adding siliceous materials such as SF, NS, FA,
MK (metakaolin) leads to neutralize the alkalinity of cement
[3]. The product is called CSH gel that improves the compres-
sive strength of the concrete, where, this phase is a main
cement of hydration product of nano-structured [4]. The
replacement of ordinary Portland cement (OPC) by nano-
structured increases the phase of CSH and interfacial transi-
tion zone (ITZ) appears stronger. This leads to increase the
compressive strength [5,6]. The use of large quantities of micro
silica (SF) equivalent to the use of small amount of NS
improves the properties of the hardened concrete [7–9]. The
high surface area of NS improves the CSH gel due to that
NS acts as a nucleation site which increases CSH gel [10].
Therefore, the NS increases the compressive strength and
decreases the water absorption of concrete [11], where, the
pores volume decreases with adding 1 wt.% and 2 wt.% of
NS. NS reacts with portlandite and increases CSH phase due
to interfacial transition zone (ITZ) between aggregate and
cement paste which is stronger [7,12].
Experimental
Material
The materials used in this investigation are ordinary Portland
cement (OPC) with grade 42.5 supplied from Suez Cement
Company, dolomite which is sourced from Attaqa area, Egypt,
and NS is purchased from building physics solar sell labora-
tory in Housing and Building National Research Centre. The
transmission electron microscopy of NS (TEM) is shown inFig. 1 TEM photography of NS.
Please cite this article in press as: S.A. El-Ghany Abo El-Enein et al., Eﬀect of nano
(2016), http://dx.doi.org/10.1016/j.hbrcj.2016.08.004Fig. 1. The TEM of NS proved that the size of NS is ranged
from 7 to 24 nm. Sand is derived from the open quarries in
Cairo – El-Wahat El-Baharaya road. The chemical and miner-
alogical compositions of OPC, sand, dolomite and NS are
given in Table 1. The chemical analysis of the starting materi-
als was carried out by the X-ray fluorescence (XRF) technique.
Preparation of concrete mixes
All coarse and fine aggregate samples are added in the pan.
The aggregates are mixed with the half of the total volume
of water. The cement is added with or without NS over the
aggregate in the pan. NS was mixed with the remaining por-
tion of the water by using ultrasonic apparatus for 10 min,
then added to concrete constituents. After mixing, the concrete
specimens are cast into (10  10  10 cm) cubic steal moulds
by filling the moulds. Concrete specimens were kept at room
temperature 23 ± 2 C and relative humidity 100% for 24 h.
The curing was carried out through immersing the concrete
samples in tap water up to 180 days and part of these samples
immersed in sodium hydroxide for 180 days. Mix design of kg/
m3 is given in Table 2. The dolomite concrete was replaced by
NS.
Results and discussion
Physico-mechanical properties of dolomite concrete admixed
with nano silica (NS) up to 180 days
Compressive strength
The compressive strength values of DC containing 0, 1, 2 and
4 wt.% NS are graphically represented in Fig. 2. The compres-
sive strength increases with the NS up to 2 wt.% then decreases
at 4 wt.%. A desired amount of NS has a good impact on the
mechanical properties development, due to its high reactivity,
whereas, the 4 wt.% NS leads to retardation of Portland
cement hydration, reducing the hydration product contents.
All concrete samples containing NS give higher compressive
strength than the control due to the increase of CSH, which
is the main binding agent.
Total porosity
The total porosity values of DC containing 0, 1, 2 and 4% NS
are graphically plotted in Fig. 3. The DCNS2 shows the lowest
porosity, suggesting the filling of open pores caused by calcium
silicate hydrate (CSH) formation as results of the interaction
between NS and Portlandite liberated from Portland cement
hydration. The DCNS4 mix presents the highest porosity com-
pared to the other ratios of NS. This is mainly due to the
absorption of NS some free water that increases the porosity.
Generally all concrete samples incorporated with NS show
lower porosity values than those of the control mix. This
(DC) can be explained by the agglomeration and coating of
cement particle by NS.
X-ray diffraction
Fig. 4 shows the X-ray diffractograms of DC incorporated
with 0, 2 and 4 wt.% NS at 28 days. The CSH peak intensity
increases with the increased NS content up to 2 wt.%, then
decreases, but still more intense than that of control sample.-SiO2 (NS) on dolomite concrete towards alkali silica reaction, HBRC Journal
Table 1 Chemical compositions of OPC, dolomite, NS and sand.
Oxide content OPC Dolomite NS Sand
L.O.I 4.33 46.70 0.5 1.04
MgO 1.23 17.20 1.06 0.12
SiO2 20.61 0.48 95 93.8
Al2O3 4.05 0.14 1.08 1.43
P2O5 0.05 0.06 0.12 0.18
SO3 3.48 0.24 0.31 0.45
Cl- 0.03 0.14 – 0.53
K2O 0.13 – 0.12 0.34
CaO 61.75 34.68 0.2 1.02
Fe2O3 3.24 0.12 0.45 0.73
Na2O – 0.24 0.68 0.22
TiO2 0.46 – 0.18 0.09
Total 99.62 100.00 99.99 99.95
Table 2 Mix design of kg/m3.
Mix No. Mix name Dolomite NS OPC Sand W
1 DC 1055 – 350 703 200
2 DCNS1 1054 3.5 346.5 702 191
3 DCNS2 1054 7 343 702 191
4 DCNS4 1053 14 336 701 191
Fig. 2 Compressive strength of DC containing different NS
contents up to 180 days of curing.
Fig. 3 Total porosity of DC containing different NS contents up
to 180 days of curing.
Effect of nano-SiO2 (NS) on dolomite concrete 3This confirms the fact that the NS reacts with Portlandite,
forming excessive CSH content. A 4 wt.% NS leads to retarda-
tion of OPC hydration, which in turn leads to hindering CSH
formation. This can be observed from the decrease of Port-
landite peak in case of DC having NS, especially in DCNS2.Please cite this article in press as: S.A. El-Ghany Abo El-Enein et al., Eﬀect of nano
(2016), http://dx.doi.org/10.1016/j.hbrcj.2016.08.004The dolomite peak as well as b-C2S and C3S are appeared.
The patterns show the formation of phases overlapped by
CSH.
SEM investigation
Fig. 5 shows the SEM-photographs of DC and DCNS2 at
28 days of curing. The ITZ observed in case of DCNS2 mix
is more compact than that of DC mix. As the amount of
CSH increases, ITZ becomes more stronger.
The durability effect of 1 N NaOH
Compressive strength
The compressive strength values of DC containing DC and
admixed with 2% NS are graphically represented in Fig. 6.
Clearly, the compressive strength of all mixes increases with
immersing time up to 6 months. This is due to continuous
hydration and accumulation of hydration products such as
CSH which is in the main binding centres. This indicates that
the NaOH has marginal impacts on the compressive strength
reduction; furthermore, these results confirmed that dolomite
aggregate has higher resistivity to alkali silica reaction.
Total porosity
The total porosity values of DC containing 2% NS are graph-
ically represented in Fig. 7. It is clear that, the total porosity
decreases with immersing time. This is due to proving that
the NaOH has no great effect on the total porosity. This is
due to the activation of hydration and then accumulation in
the open pores, then the porosity decreases.
X-ray diffraction
Fig. 8 shows the XRD Patterns of DC containing 0% and 2%
NS at 6 months of curing in NaOH, and it is clear that the-SiO2 (NS) on dolomite concrete towards alkali silica reaction, HBRC Journal
Fig. 4 XRD patterns of DC containing 2 and 4 wt.% NS up at 28 days of curing.
Fig. 5 SEM photography of DC and DCNS2 at 28 days of curing.
Fig. 6 Compressive strength of DC and admixed with 2% NS
immersed in 1 N NaOH up to 6 months.
Fig. 7 Total porosity of DC and admixed with 2% NS immersed
in 1 N NaOH up to 6 months.
4 S.A. El-Ghany Abo El-Enein et al.portlandite Peak intensity in case of CDNS2 is lower than that
of DC mix confirming the higher mechanical properties of this
mix. There are no new phases formed as the result of DC (with
or without NS) immersion in 1 N of NaOH. The dolomite
phase is also seen in the XRD pattern which confirms the sta-
bility of dolomite in 1 N NaOH solution. This confirms the
higher resistivity of binder and aggregate to alkali silica
reaction.Please cite this article in press as: S.A. El-Ghany Abo El-Enein et al., Eﬀect of nano
(2016), http://dx.doi.org/10.1016/j.hbrcj.2016.08.004SEM investigation
Fig. 9 displays the SEM photographs of DC and DCNS2 at
180 days of curing in 1 N NaOH. The DCNS2 microstructures
appear more compact than those of DC mix. This can be
proved by decreasing the Ca(OH)2 peaks to form additional
CSH gel because the NS reacts with Ca(OH)2 as pozzolanic
material. It is clear that, as the amount of CSH increases,
the interfacial transition zone (ITZ) appears stronger, where
ITZ of DCNS2 is stronger than that of DC mix.-SiO2 (NS) on dolomite concrete towards alkali silica reaction, HBRC Journal
Fig. 8 XRD patterns of DC and admixed with 2% NS immersed in 1 N NaOH up to 6 months.
Fig. 9 SEM photography of DC and DCNS2 up to 6 months immersed in 1 N NaOH.
Effect of nano-SiO2 (NS) on dolomite concrete 5Conclusion
From the above results, it can be concluded that:
1. The DC containing 2% NS shows the highest physico-
mechanical properties.
2. The XRD and SEM proved that the NS has potential
impact on the improvement of physico-mechanical proper-
ties of concrete.Please cite this article in press as: S.A. El-Ghany Abo El-Enein et al., Eﬀect of nano
(2016), http://dx.doi.org/10.1016/j.hbrcj.2016.08.0043. The high content of NS (4%) reduces the concrete compres-
sive strength and coating on the cement grains.
4. All DC samples with or without NS show high resistivity in
1 N NaOH up to six months.
5. The compressive strength development of DC containing
NS is higher than that of the control concrete sample.
6. The SEM proved that the interfacial transition zone (ITZ)
of DC admixed with 2% NS is stronger than that of the
blank concrete.-SiO2 (NS) on dolomite concrete towards alkali silica reaction, HBRC Journal
6 S.A. El-Ghany Abo El-Enein et al.7. The XRD shows that the portlandite content decreases with
the increase of NS up to 2%.
It may be concluded that 2% NS is the optimum ratio to
improve the physico-mechanical properties of dolomite
concrete.
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